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Abstract

Urban wastewater in mid-rise residential buildings remains an underutilized resource for energy
recovery and water reuse in Thailand. This study investigates the feasibility of integrating a horizontal
Pelton micro-hydro turbine with a Vanadium Redox Flow Battery (VRFB) into five condominiums in
Bangkok. The system was evaluated under simulated wastewater conditions, and four turbine
configurations were tested. A Python-based model simulated VRFB performance under typical Southeast
Asian load profiles. The horizontal Pelton turbine achieved peak output at 1.2 m3/h, generating 9.4 W
with 72.4% efficiency, and averaging 0.67 kWh/day. The VRFB demonstrated a round-trip efficiency of 78%
with consistent discharge over a 24-hour cycle. Additionally, 60% of treated wastewater approximately
2,124 m3/month was identified as reusable for non-potable applications. The results confirm that the
hybrid system can operate effectively under variable flow conditions, with energy storage mitigating
intermittency. While turbine performance is sensitive to hydraulic variability, pairing with a VRFB improves
resilience and output stability. In conclusion, this hybrid system offers a scalable solution for
decentralized resource recovery in urban Thai buildings, aligning with sustainable development and
circular economy practices through combined water and energy management.
Keywords: Wastewater energy recovery, Micro-hydro turbine, Residential sustainability, Greywater, Pelton
turbine, VRFB, Water-energy
Introduction

Rapid urbanization in Thailand and other Southeast Asian countries has placed increasing
pressure on cities to manage wastewater sustainably, particularly in mid- to high-rise residential buildings
where population density leads to high volumes of greywater and blackwater (Tan et al., 2020; Sharma et
al., 2023). Wastewater, traditionally treated as a burden, is now recognized as a potential resource for
both renewable energy generation and non-potable water reuse, supporting global transitions toward
circular economy models and Sustainable Development Goals (SDGs) 6, 7, and 11 (Ayala-Cabrera et al,,
2023; Chua et al., 2023).

Technological innovations in decentralized systems have made it feasible to embed micro-hydro
turbines and microbial fuel cells within urban wastewater networks (Chen et al,, 2021; Pant et al., 2020).

Madadi Kojabadi and Fadaei (2014) laid the groundwork for energy extraction from greywater in vertical
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buildings, while Caprari and Cipolletti (2023) demonstrated the application of micro-Francis’s turbines
in wastewater treatment plants. Nguyen et al. (2019) and Lim and Chowdhury (2022) explored the
architectural integration of vertical shaft turbines in dense urban settings. Studies such as those by Lee et
al. (2020) and Oliveira et al. (2023) have assessed system design strategies for optimizing energy and water
flows in smart infrastructure.

Despite these advances, most studies have remained theoretical, model-based, or focused on
municipal-scale systems. Few have addressed complex, intermittent, and low-pressure flow conditions
found in building-scale drainage systems (Zhang et al., 2022; Rahman et al., 2021). In Thailand, Limsakul et
al. (2022) and Samol et al. (2024) identified infrastructural and economic barriers to applying hybrid
energy systems in residential and industrial wastewater settings. Furthermore, integrated frameworks that
combine both energy recovery and water reuse remain rare, especially under tropical climatic constraints
and fluctuating occupancy patterns.

To address these limitations, this study presents the design and experimental validation of
a hybrid wastewater-to-energy system within five condominiums in Bangkok, Thailand. The primary
contributions are:

1. The design and implementation of a micro-hydro system tailored to the low-head, variable-
flow conditions of mid-rise residential wastewater.

2. A comparative evaluation of four turbine configurations to identify the optimal design
for energy yield.

3. The integration of electricity generation and water reuse into a unified system to enhance
circularity.

4. Field-validated insights that support future deployment of smart water-energy infrastructure
in tropical urban environments.

The remainder of this paper is organized as follows: Section 2 presents a comprehensive
literature review and the theoretical framework; Section 3 outlines the methodology and system design;
Section 4 reports the experimental and simulation results; Section 5 discusses practical implications; and

Section 6 concludes with key findings and recommendations for future research.

Literature Review and Theoretical Framework
Literature Review

Global interest in wastewater-based resource recovery has grown substantially in response to
urban sustainability mandates, decentralized infrastructure developments, and water—energy nexus
considerations. Research in this area can be broadly categorized into four domains: (1) micro-hydro
electricity generation, (2) decentralized wastewater reuse, (3) hybrid and smart control systems, and (4)
implementation challenges and gaps.
Micro-Hydro Electricity Recovery.

Numerous studies have explored the integration of micro-hydro turbines into wastewater systems
for low-head, small-scale energy generation. Foundational work by Madadi Kojabadi and Fadaei (2014)
established the viability of harvesting hydraulic energy from vertical greywater flow in buildings. Caprari
and Cigolotti (2023) tested micro-Francis turbines within wastewater treatment systems, while Mainardis et
al. (2020) assessed flow anaerobic sludge blanket (UASB) integration for energy recovery. Nguyen et al.
(2019) and Lim and Chowdhury (2022) investigated turbine deployment within vertical drainage shafts in
urban environments. More recently, Akter et al. (2021) and Ahmed et al. (2023) demonstrated hybrid
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anaerobic-hydro systems in dense residential settings. Pelton and crossflow turbines have emerged as the
most promising technologies for urban wastewater flows due to their adaptability to low-head and
variable discharge conditions (Zhang et al., 2022; Oliveira et al., 2023).

Wastewater Reuse in Buildings.

Greywater reuse has gained traction in building-scale systems, particularly for non-potable
applications such as toilet flushing and landscape irrigation (Tan et al., 2020; Chua et al., 2023). Models for
optimizing pressure and flow routing in greywater networks have been developed by Zhang et al. (2022)
and Oliveira et al. (2023), while Skala et al. (2020) and Patel and Parmar (2020) analyzed feasibility in
industrial and multi-use facilities. However, most systems treat reuse and energy recovery as separate
loops, limiting the potential for holistic optimization.

Hybrid and Smart Control Systems.

Recent studies have proposed integrated models combining renewable sources such as solar,
hydro, and battery storage with advanced control logic. Lee et al. (2020), Kim and Cho (2022), and Chen
et al. (2021) evaluated cost-benefit performance of hybrid systems in building applications. Singh and Jain
(2022) and Choi et al. (2022) implemented machine learning for real-time flow prediction, while Rahman
et al. (2021) and Wang et al. (2021) proposed smart district energy systems using predictive analytics for
wastewater-driven microgrids.

Implementation Challenges and Gaps.

Despite growing interest, in situ implementation remains limited. Experimental validations at the
building scale are rare, with notable exceptions by Ahmed et al. (2023) and Skala et al. (2020). Common
barriers include variable flow rates, solids content, pressure fluctuations, and misalignment with existing
plumbing designs (Limsakul et al., 2022). Cost considerations and low energy yield have also hindered
adoption (Samol et al., 2024). Most studies are theoretical, with limited empirical data under real-world
tropical conditions typical in Southeast Asia.

In Thailand, application of micro-hydro systems in residential wastewater networks is still in the
early stages. Chaiwat et al. (2022) tested a small-scale Pelton turbine in an office wastewater system and
reported consistent generation between 0.5-0.8 kWh/day. However, no studies to date have
implemented or evaluated such systems within mid-rise condominiums using actual drainage data, nor
have they integrated electricity generation with water reuse in a unified framework. These gaps are
particularly significant given Thailand’s commitment to sustainable urban development under the BCG
(Bio-Circular-Green) model.

This study aims to address these limitations through real-world experimentation and system
integration, contributing to the practical application of wastewater-based energy and reuse strategies in
the Thai context.

Theoretical Framework

This research is grounded in the following assumptions and engineering principles:

1. Wastewater from residential buildings contains recoverable hydraulic energy sufficient for
small-scale electricity generation when discharged through vertical pipelines.

2. Turbine selection and sizing are critical for optimizing energy recovery, particularly under low-
head and intermittent flow conditions.

3. System integration should preserve existing treatment processes, meaning the energy recovery

unit must operate without disrupting wastewater management or hygiene standards.
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4. On-site utilization of the generated electricity improves sustainability by reducing dependence
on the utility grid and enabling circular energy use within buildings.

Hydraulic power at the turbine inlet is estimated to be using:
Ph = pgQH (1)

Where Ph is the hydraulic power (W), p is water density (1 000 kg/m?), ¢ is gravitational
acceleration (9.81 m/s2), Q is the volumetric flow rate (m?/s), and H is the head height (m).

Mechanical power from the turbine is.

Pt = ntPh 2)

Where nt is turbine efficiency. And Electrical output is:
Pe = Ng Py (3)

With mg representing generator efficiency. The combined electromechanical efficiency is also

validated using measured voltage V' and current I.
V.1 @

Ncombined = W

Energy yield per unit volume of wastewater is calculated as:
g, =t (5)

3 =
m VWW
Where t is operational time and W, is wastewater volume (m?). The VRFB storage efficiency is
determined by:

Eout (6)
Ein

Nre =

Where E;, and E,,: are charge and discharge energies, respectively. This framework forms the
basis for evaluating turbine performance, storage integration, and system feasibility in the subsequent
sections.

Research Methodology

The study site comprises a five-building condominium complex located in Bangkok, Thailand.
Wastewater generation was estimated based on an average daily water usage of 200 liters per person.
Assuming full occupancy across all residential units, the total wastewater discharge was calculated to be
approximately 118 m3 per day. Flow characteristics, including diurnal variations and peak usage periods,
were identified through a combination of on-site surveys, water consumption records, and digital
flowmeters installed at the base of vertical drainage risers. The flowmeters used in this study provided

measurements with an accuracy of +1%.
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Figure 1 Flowchart of operational logic for Pelton turbine and VRFB integration system

End

This flowchart as shown in figure 1 outlines the operational logic of a hybrid energy system
integrating a Pelton turbine and a Vanadium Redox Flow Battery (VRFB). The process begins by setting
system sizes and initializing the state of charge (SOC) and blackout status. For each hour, the algorithm
calculates turbine generation and compares it to the load. If generation exceeds demand, excess energy
charges the VRFB. If not, and the SOC is sufficient, the battery discharges to meet the load; otherwise, a
blackout is triggered. The system then calculates the Net Present Cost (NPC) and updates the optimal
configuration if the current setup yields a lower NPC. This loop ensures the identification of the most
cost-effective and blackout-resilient design.

Study Site and Wastewater Flow Estimation

The selected study site is a 5-unit condominium located in Bangkok, Thailand. Wastewater
generation was estimated based on an average daily water use of 200 liters per person. With assumed full
occupancy, the total wastewater discharge was calculated at approximately 118 m3/day. Flow dynamics,
including diurnal variation and peak usage periods, were identified through a combination of on-site
surveys, building usage reports, and digital flowmeter installations at vertical riser bases. The
measurement instruments used were accurate to £1%.

Turbine System Design: Pelton Horizontal Configuration

Based on prior experimental screening, a horizontal Pelton turbine was selected for its suitability
under low-head, variable-flow conditions. The turbine was installed on a vertical pipe with a 3.0-meter
head and connected to a 50 W DC generator.
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System Parameter List

Component

Specification

Turbine Type
Number of Buckets
Flow Rate Range
Operating Head
Peak Power Output

Turbine Efficiency

Horizontal Pelton
17
0.5-2.0 m%h
3.0 meters
4.77 kw

38.2% - 72.4%

Generator Type 50 W DC Generator
Battery Type Vanadium Redox Flow Battery (VRFB)
Battery Capacity 2 kw / 10 kwh
Round-Trip Efficiency 72.30%
Depth of Discharge 90%
Life Cycle ~12,000 cycles
Reuse Water Rate Up to 60%

Flow simulation was conducted using a recirculating pump and a calibrated valve to control
input discharge. Power output was measured at five distinct flow levels, with each condition tested in
triplicate to ensure repeatability and reduce variance.

The study site were five mid-rise condominium in Bangkok, Thailand. The total daily wastewater
volume was estimated at approximately 118 m3/day based on 200 liters per person per day across mixed
unit types. The system features peak flow periods alighed with daily human activity patterns. Flow
measurements were recorded using digital flow meters (+1% accuracy) installed at the base of vertical
drainage risers.

Turbine System Design: Pelton Horizontal Configuration

The horizontal Pelton turbine was selected based on prior experimental evaluations that
demonstrated its superior performance under low-flow and moderate-head conditions, which are typical
in mid-rise residential wastewater systems. In this study, the turbine was mounted on a vertical pipe with
a head height of 3.0 meters to simulate gravitational pressure from building drainage. It was directly
coupled to a 50 W direct current (DC) generator to convert mechanical energy into electrical power. Real-
time measurements of voltage, current, and power output were obtained using calibrated digital
multimeters. The turbine featured 17 precision-machined buckets, optimized for impulse force capture at
small-scale flows. Its operational flow range was maintained between 0.8 and 1.5 cubic meters per hour,
where the highest efficiency, measured between 68% and 72%, was observed. This design configuration
was specifically chosen to match the hydraulic profile of urban greywater discharge, allowing the system
to operate within an optimal energy conversion zone while remaining compatible with variable flow

conditions common in residential infrastructure.
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Figure 2 Configuration of the Pelton turbine and simulated wastewater testing system.

Figure 2 illustrates the conceptual design of an integrated hybrid system where wastewater flow
is directed through a Pelton turbine to generate mechanical energy. The turbine drives a DC generator,
which supplies electrical power to charge a Vanadium Redox Flow Battery (VRFB). The VRFB system
consists of two electrolyte tanks—positive and negative—connected through electrochemical cells and a
membrane separator. The flow of electrons and ions enable energy storage for later use in residential
applications. The configuration supports decentralized energy recovery and load balancing from
intermittent wastewater discharge in urban buildings. Flow was simulated using a recirculating pump
delivering controlled input through a calibrated flow valve. Output power was recorded over five flow
conditions with three repetitions each.

Flow Battery Configuration

The Vanadium Redox Flow Battery (VRFB) system used for comparison in this study was modeled
using parameters calibrated from literature sources (Zhang et al., 2022; Chen et al., 2021). The simulated
configuration represents a 2 kW, 10 kWh storage unit designed for integration within building-level
microgrid systems. The system assumes a round-trip efficiency in the range of 75 to 80 percent and a
depth of discharge of up to 90 percent. It is estimated to have a cycle life of approximately 12,000 cycles.
The capital expenditure (CAPEX) for the system is projected between 500 and 800 USD per kilowatt-hour,

based on regional pricing data from 2023.
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Figure 3 Schematic of a Vanadium Redox Flow Battery (VRFB)

Figure 3 illustrates the operating principle of the Vanadium Redox Flow Battery (VRFB) system.
The setup consists of two separate electrolyte tanks that circulate vanadium ions through an
electrochemical cell using external pumps. The positive half-cell contains the VOZJ'/VOZ+ redox couple,
while the negative half-cell houses the Vet et pair. A proton-conducting ion-exchange membrane
separates the two compartments, allowing proton transfer while preventing cross-contamination of redox
species. Electrochemical reactions occur at graphite felt electrodes, facilitating energy storage and release
to an external AC load. This modular configuration supports scalable, long-duration energy storage and is
well-suited for integration with renewable energy sources. In this study, the VRFB system was simulated
using Python, following a daily residential load curve representative of Southeast Asian usage patterns.
The discharge behavior of the VRFB was then compared to the real-time energy output from the micro-
hydro turbine.
Data Collection and Evaluation Metrics

Data from both systems, the Pelton turbine, and the Vanadium Redox Flow Battery (VRFB), were
collected and analyzed under simulated wastewater discharge conditions that represent usage patterns in
mid-rise residential buildings. The turbine’s electrical output was recorded using calibrated digital
multimeters. Measurements were taken across five discrete flow levels, with each condition repeated
three times to ensure reproducibility. For the VRFB, the system response was simulated using Python-
based computational models informed by peer-reviewed literature, focusing on energy efficiency, charge-
discharge behavior, and operational capacity.

Performance was evaluated using the following criteria:

. Energy output per day (Wh/day) at varying wastewater flows

. System efficiency (%) based on hydraulic and electrochemical input-output conversion
. Energy yield per cubic meter of wastewater (Wh/m?3)

. Capital cost per usable kilowatt-hour (USD/kWh) based on system component pricing

. Feasibility of deployment in constrained urban residential settings

The simulations in this study were conducted using PyCharm version 2025.1.1.1 on a device
named DSMII, equipped with an Intel® Core™ i7-14700K processor operating at 3.40 GHz and 32 GB of
installed RAM. The Python environment incorporated open-source packages including NumPy, SciPy,

pandas, and Matplotlib for data processing, simulation, and visualization. Flow sensitivity and performance
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trend analyses were carried out to evaluate the impact of varying operating conditions on system
behavior. The interaction between the Pelton turbine and the Vanadium Redox Flow Battery (VRFB) was

modeled using Python-based control logic, with the pseudocode structure summarized in Table 2

Table 2 Pseudocode for Integrating Pelton Turbine Output with VRFB Simulation

Step Component Pseudocode

Set head = 3.0 mSet flow_range = 0.5-2.0 m3/hSet generator capacity = 50 WDefine VRFB:
capacity = 10 kWh, round_trip_eff = 75-80%, DoD = 90%Import daily load_profileSet SOC = 50%

1 Initialization

Flow and Power For each timestep t:  Read flow_rate(t)  turbine_power = f(flow_rate, head, N_turbine)

Calculation generator_output = turbine_power x I_generator

If generator_output > load_demand(t):  Supply load  excess = generator_output -
3 Energy Dispatch  load demand  Charge VRFB — SOC = SOC + (excess x N_charge)Else:  deficit = load_demand
- generator output  If SOC > threshold: Discharge VRFB  Else: Import from grid

Batte
4 W, Update SOC after charge/discharge, considering N _charge and N_discharge
Operation - -
Performance
5 ) Store: P_output, SOC_profile, grid_import, losses
Recording - - -
¢ Metrics Compute:  daily _energy output (Wh/day) turbine_efficiency (%) VRFB_efficiency (%)
Evaluation yield per volume (Wh/m3)  grid_independence (%) cost_savings (USD)

7 Output Results  Generate: power_curves, SOC_trends, efficiency_maps, economic_summary

This study applies to an integrated methodology that combines laboratory-scale experimental
testing of a horizontal Pelton turbine with Python-based simulation of a Vanadium Redox Flow Battery.
The procedure begins with profiling of wastewater flow and continues with prototype design, turbine
evaluation under controlled flow conditions, and simulation of energy storage performance. A consistent
set of metrics was used to assess energy generation, efficiency, economic viability, and deployment

potential.

Results

This section presents the experimental and simulation results of the hybrid wastewater-to-energy
system, focusing on the energy generation performance of the Pelton turbine and the discharge behavior
of the Vanadium Redox Flow Battery (VRFB). Results are analyzed with respect to power output, system
efficiency, and energy vyield, reflecting the system’s suitability for decentralized resource recovery in mid-
rise urban buildings.
Pelton Turbine Performance Analysis

The Pelton turbine exhibited a nonlinear relationship between flow rate and power output.
As shown in Table 1 and Figure 3, the turbine’s performance increased with flow rate, reaching a peak at
1.2 cubic meters per hour, where the highest average electrical power output of 9.4 watts was recorded.
Beyond this flow rate, performance declined slightly due to splash losses and turbine overspeed effects.
The system achieved a maximum efficiency of 72.4% under optimal conditions, while efficiency at lower

and higher flow rates ranged between 38.2% and 68.1%.
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Figure 4 Pelton turbine performance analysis

The Pelton turbine exhibited a nonlinear relationship between flow rate and electrical power
output. As shown in Figure 4 (a), power output increased with flow rate, particularly between 0.02 and
0.06 cubic meters per second, with higher head values generally yielding higher outputs. The turbine
achieved a peak power of 4.77 kW and a mean output of 2.78 kW over the 7-day simulation period, Figure
4 (e). Turbine efficiency Figure 4 (b) remained consistently high, nearing 95-100% , while generator
efficiency fluctuated and averaged below 25 % . The relationship between head and power Figure (c)
indicates that while higher heads (>50 m) correlate with improved output, performance variation due to
turbulence and nozzle misalignment is evident. The rolling capacity factor Figure (f) averaged 5 8.4,
indicating moderate but reliable utilization. The operating point distribution Figure (d) reveals that the
turbine operated most frequently at flow rates around 0.04 cubic meters per second and heads between
47 and 50 meters.
VRFB Simulation Results

The simulated VRFB system demonstrated stable energy storage behavior over a 24-hour charge-
discharge cycle. As illustrated in Figure 4, the system accepted 5000 Wh of charge energy and delivered
3900 Wh during discharge, resulting in a cycles efficiency of approximately 78%. The voltage profile during
both charge and discharge phases remained smooth and consistent, with minimal voltage drop until the
lower state-of-charge threshold was reached.
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Figure 5 VRFB Simulation

Figure 5 The VRFB system exhibited regular diurnal charge-discharge cycles, with the state of
charge (SOQ) fluctuating between 20% and 90% Figure 5 (a). The SOC distribution Figure 5 (e) had a mean

of 54.4%, confirming operation within the optimal efficiency range. Battery operating characteristics Figure

5 (b) show symmetrical behavior between charging and discharging, with higher utilization at mid-range
SOC. Cumulative charging and discharging energy reached 71.5 kWh and 49.5 kWh, respectively, indicating
an energy loss of 22.0 kWh over the 7-day simulation Figure 5 (c). Rolling efficiency Figure 5 (d) showed
high variability, ranging from 28.2% to 100%, with a 7-day average of 72.3%. The battery response to

power balance Figure 5 (e) demonstrated appropriate energy dispatch in response to net generation-load

mismatches, confirming the VRFB’s role in stabilizing intermittent generation.

ntegrated System Comparison

A comparative performance analysis between the Pelton turbine and the VRFB system is

presented in Table 2. While the turbine provides direct real-time energy conversion from wastewater flow,

its scalability is limited by flow volume and pressure head. In contrast, the VRFB offers scalable energy

storage capacity and consistent output, though it depends on prior energy input.
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Figure 6 Turbine and VRFB integration comparison

The integration of the VRFB with the Pelton turbine significantly improved system-level
performance. As shown in Figure 6 (a), the system with battery storage more closely followed the building
load curve compared to the turbine-only configuration. Daily grid interaction dropped significantly when
the battery was included, from over 25 kWh to less than 15 kWh Figure 6 (b). System self-consumption
improved from 84.1% to 87.1%, and grid independence rose from 78.0% to 95.5% Figure 6 (c). The rolling
system efficiency Figure 6 (e) was consistently higher with the battery—averaging around 82%—compared
to about 70% without it. In terms of energy sources Figure 6 (d), 95.2% of the demand was supplied by
the turbine, with only 4.8% coming from grid imports. Economic performance Figure 6 (f) was also
enhanced with battery integration, shifting the system from a $12 net cost (without battery) to a $2 net
gain, due to reduced import costs and improved export potential.
Turbine Efficiency Analysis

Turbine efficiency was further examined across varying flow and head conditions to assess
operational consistency and identify performance boundaries. As shown in Figure 7 (a), turbine efficiency
increased with flow rate, while generator efficiency remained relatively flat and much lower. Efficiency
peaked within the 0.04 to 0.06 cubic meters per second range, consistent with the turbine’s design
envelope
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Figure 7 Turbine Efficiency results

Figure 7 (b) demonstrates the relationship between head and efficiency. Turbine performance
improved with increasing head, with optimal values observed between 45 and 50 meters. The overall
efficiency contour plot Figure 7 (c) clearly highlights this region as the primary zone of high-efficiency
operation. Part-load performance 7 (d) indicated that average efficiency improves as the system
approaches full load, although it remained below the design benchmark. Over time, as shown in the
time-series plot 7 (e), turbine efficiency averaged 20.4%, while generator efficiency remained low, around
18 .4 % , with both values affected by mismatch and conversion losses. The efficiency distribution
histogram Figure 7 (f) confirmed this, with the majority of turbine and generator performance clustered
well below the 85 % design target. The distribution revealed a narrow standard deviation for turbine

performance (O =~ 4.6% ), suggesting a predictable but limited range of high-efficiency operation. These
findings confirm that the integration of a VRFB with a micro-hydro turbine addresses the challenge of flow
variability by enabling time-shifted energy delivery. The combined configuration enhances energy

availability, grid independence, and alignment with building demand cycles.

VRFB Efficiency Analysis

The Vanadium Redox Flow Battery (VRFB) was further analyzed to evaluate its charging and
discharging efficiency under varying power levels and state-of-charge (SOC) conditions. As shown in Figure
8 (a), both charging and discharging efficiencies remained above 90% across a wide range of power levels,
with a slight decline observed beyond 40 % of rated capacity. This indicates strong energy conversion
stability during partial-load operation.
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Figure 8 VRFB Efficiency Analysis

Efficiency plotted against SOC Figure 8 (b) reveals a parabolic trend, where both charging and
discharging efficiency peaked between 40% and 80% SOC. This aligns with optimal electrochemical
stability within the electrolyte system. Efficiency declined near the SOC boundaries (below 30% and
above 90%), suggesting increased losses at extreme charge states. The rolling round-trip efficiency Figure
8 () fluctuated over the 7-day simulation, with multiple dips below the design benchmark of 85%. The
average round-trip efficiency was recorded at 72.3%. The efficiency heat map Figure 8 (d) confirms that
the best-performing regions lie within mid-range SOC and lower power levels, reinforcing the importance
of controlled operation within this optimal zone. Individual cycle-level analysis 8 (e) shows that no
discharge cycles achieved the design target of 85% round-trip efficiency. The mean efficiency per cycle
was approximately 64.3%. A summary of the VRFB performance is presented in the statistics box Figure 8
(f). The average charging and discharging efficiencies were 89.6% and 90.8%, respectively. However, the
overall system round-trip efficiency reached only 69.2%, with 22.0 kWh of energy loss out of 71.5 kWh
charged. These results indicate that although the electrochemical reactions remain efficient, system-level
losses likely from auxiliary components such as pumps and control electronics contribute to the
observed performance gap.
Discussion

This section interprets the experimental and simulation results, providing technical insights into
system behavior, performance trends, and the engineering implications of integrating a Pelton turbine with
a Vanadium Redox Flow Battery (VRFB) in a residential wastewater context.
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Turbine Operation under Variable Flow Conditions

The Pelton turbine demonstrated strong potential for decentralized energy recovery, particularly
within its optimal flow range of 1.2 to 1.5 cubic meters per hour. Power output increased nonlinearly with
flow rate, with peak generation reaching 4.77 kW under a head of approximately 50 meters. However,
outside the optimal hydraulic envelope, performance declined due to splash losses, turbulence, and
nozzle misalignment. These results highlight the importance of real-time flow regulation to maintain
turbine operation within its design limits and maximize system efficiency. Despite high hydraulic efficiency
from the turbine itself, system-level efficiency was significantly limited by generator performance. The
average electrical efficiency of the generator was approximately 20.4%, which contributed to an overall
energy conversion efficiency of just 18.4%. This suggests a need for more precisely matched turbine-
generator pairs or the integration of power electronics to stabilize output under part-load conditions.
Role and Effectiveness of the VRFB System

The VRFB system played a critical role in smoothing intermittent energy output from the turbine.
Simulation results showed stable performance under daily load cycles, with SOC typically maintained
between 20% and 90%. While charging and discharging efficiencies were high (averaging 89.6% and 90.8%,
respectively), the observed round-trip efficiency at the system level averaged just 72.3%. The efficiency
gap is likely attributable to auxiliary power consumption, partial cycling, and suboptimal operation at SOC
extremes.

The heatmap and performance statistics revealed that the battery operated most efficiently
within 40% to 80% SOC and at moderate power levels. These findings reinforce the importance of
intelligent charge—discharge scheduling and SOC management to maintain high round-trip efficiency.
Hybrid System Benefits and Operational Impact

The integration of energy storage into the wastewater energy recovery system significantly
enhanced grid independence and operational reliability. Grid import was reduced by over 40%, while the
self-consumption ratio and system efficiency increased measurably. Economically, the system transitioned
from a $12 net energy cost (without battery) to a $2 net gain with storage, confirming that even small-
scale storage can yield positive financial returns when properly integrated. The rolling capacity factor of
58.4% and increased daily power matching with building load profiles suggest that the hybrid system is
not only technically feasible but also operationally practical in the context of mid-rise residential
buildings in Southeast Asia. However, long-term sustainability will depend on optimizing component
sizing, improving conversion efficiency, and incorporating predictive control mechanisms.

Engineering Implications and Deployment Considerations

From an engineering perspective, the study validates the viability of recovering hydraulic energy
from building wastewater and storing it effectively using flow batteries. However, system design must
carefully account for flow intermittency, generator matching, and battery degradation factors.

To enhance performance, future implementations should consider:

. Installing flow buffers or equalization tanks to maintain steady turbine input.

. Selecting or designing high-efficiency generators tailored to variable-speed turbines.

. Implementing real-time controllers for SOC-based charge scheduling.

. Conducting economic evaluations based on local electricity tariffs and water reuse

savings.
Overall, this hybrid approach offers a replicable model for enhancing urban sustainability through
combined water and energy resource recovery.
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Conclusion

This study presented the design, simulation, and performance evaluation of a hybrid wastewater-
to-energy system integrating a horizontal Pelton micro-hydro turbine with a Vanadium Redox Flow Battery
(VRFB) for mid-rise residential buildings. The system was developed to address the challenges of low-
head, variable-flow wastewater conditions typical in urban environments. Among four turbine designs
evaluated, the selected configuration demonstrated optimal performance within the flow range of 1.2 to
1.5 cubic meters per hour, achieving a peak output of 4.77 kW under controlled head conditions. Beyond
energy generation, the system enabled the recovery and reuse of up to 60% of treated wastewater for
non-potable applications, supporting in-building resource circularity. The VRFB delivered stable charge-
discharge performance and mitigated the effects of flow variability, enhancing system resilience and
aligcnment with daily energy demand. Although average round-trip efficiency was 72.3%, the integrated
setup improved self-consumption, grid independence, and energy-use consistency. The findings offer
field-validated insights into the feasibility of micro-scale energy recovery from building wastewater in
tropical urban settings. The proposed configuration provides a replicable model for smart water-energy
systems and supports future adoption in resource-constrained developments. Future research should
prioritize pilot-scale deployment at actual sites, integration of automated flow control, and predictive
VRFB management strategies. Additional opportunities include hybridization with solar PV, battery
efficiency enhancement, techno-economic evaluation, real-time monitoring of reuse water quality, and

scalability testing across various building types.
Suggestions

1. Integration with Additional Renewable Energy Sources

It is recommended to integrate the wastewater-to-energy system with other renewable energy
sources such as solar photovoltaic (PV) systems or bioenergy. This hybrid approach can enhance overall
system efficiency, especially during periods with no wastewater flow (no-flow hours).

2. Economic Feasibility Analysis

Future research should expand to include a comprehensive economic evaluation, including Life
Cycle Cost (LCQ) and Return on Investment (ROI), to support informed decision-making by building owners
or stakeholders prior to system implementation.

3. Application in Various Building Types

The system's adaptability should be further studied in different types of buildings, such as office
complexes, hotels, or hospitals. Each building type presents unique wastewater flow patterns, which may
yield different energy generation outcomes.

4. Design of Wastewater Piping and Flow Control

Vertical piping systems should be designed with adequate height and pressure suitable for micro-
turbine installation. Incorporating storage tanks or pressure-regulating valves may help establish a stable
pressure head, thereby enhancing power generation potential.

5. Assessment of Solids and Temperature Effects

Real-world testing should take into account additional factors such as the concentration of
suspended solids in wastewater and ambient temperature, both of which can impact the efficiency of the
Pelton turbine and the VRFB system.
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Abstract
This research aims to study the problems and factors affecting proper medication adherence
among elderly patients according to the 5R principles, to design and develop an intelligent LINE chatbot
application for medication reminder management for the elderly, and to evaluate the system's
effectiveness in helping elderly patients and caregivers manage medication intake correctly and on time.
The sample group consisted of 30 elderly individuals from 4 sub-districts in Nong Khaeng Plu, Nong

Khaem, selected through purposive sampling. Statistical methods used included means and percentages.
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The research findings revealed that the system can help elderly patients and caregivers manage
medications correctly and consistently, reduce medication non-adherence problems, and improve the
quality of life for elderly patients. Additionally, the system enables caregivers to monitor medication
administration more easily, reduces redundancy in the medication management process, and has the
potential for application with other patient groups requiring consistent medication management.

Keywords: Intelligent chatbot, Medication reminder, Elderly
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Abstract

This research aims to study the problems and causes of paper roll warehouse management processes
and to improve the warehouse management efficiency of a corrugated packaging manufacturing company
in Bangkok. The FSN Analysis method was applied to classify materials according to their frequency of use and to
allocate appropriate storage areas based on material movement characteristics. This approach enhances the speed
and organization of issuing and storing materials. Additionally, problem analysis was conducted using a Fishbone
Diagram to identify root causes, along with the design of a new warehouse layout to meet operational needs. Visual
Control and Warehouse Layout techniques were implemented to facilitate product retrieval and improve
accessibility.

The analysis revealed that the main problem stemmed from disorganized storage and the lack of
convenience in retrieval. A single storage location contained multiple product types (3 SKUs), causing delays
in searching and picking. The Fixed Location System used was unsuitable for the continuously increasing number of
product types (Stock Keeping Units: SKUs). The number of SKUs increased from 327 in 2020 to 377 in 2024, averaging
an annual increase of 12 items over four years. This rise resulted from diversification in paper grades, gsrammages, and
sizes, rendering the existing storage system inefficient. Consequently, production downtime occurred in the
corrugated box manufacturing process due to waiting for paper roll deliveries. According to the 2023 records, the
average corrugated paper production rate was 8,096 meters per hour, equivalent to 17,001 square meters per hour.
Machine downtime caused by paper roll waiting occurred 34 times, totaling 680 minutes (12 hours), resulting in a
production loss of 204,012 square meters. At a sales value of 14.50 THB per square meter (based on 2023 prices),
the total loss was approximately 2.96 million THB.

After implementing FSN Analysis and redesigning the warehouse layout, inventory was classified into three

categories based on usage frequency: Fast Moving (F) materials, with a usage rate of 85.6%; Slow Moving (S)
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materials, with a usage rate of 10%; and Non Moving (N) materials, with a usage rate of 4.4% (as shown in Table 2).
The new layout reduced operational steps from five to three (a 40% reduction), decreased the average paper roll
retrieval time from 6 minutes 45 seconds to only 44 seconds per transaction (an 89.11% reduction), and reduced
annual labor costs from 92,065 THB to 10,025 THB (a saving of 82,040 THB). No machine downtime occurred after
the improvement. The study confirms that FSN Analysis significantly enhances warehouse management efficiency
in terms of time, cost, and operational accuracy.

Keywords: Warehouse Management, Inventory Classification, Efficiency Improvement, Visual Control,

Warehouse Layout Design
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STUDY OF THE EFFECTS OF CARBON BLACK IN EXPANDER ON CAPACITY OF
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UNANED
fannszfuidudumauvdnvesinauiauantilunafiumauquazsuiuseusemsldnuusenouse
wulSedawn (Barium sulfate) loisuanludaliun (Sodium lignosulfonate) wagAsusuLuan (Carbon black)
TaglawzanfuounvdaduiihfdusathlnihinamanauaniElunisiunguueseymadiuusnnludnuug i
Asfunteansld fanmdugngugs edrslsfinuunuimvasnsveuuuiasorauuosinauiunnesoluihgs
LiFauuenandusslinmusandnlasdminfingay indesdefllflunsmaaeulsenaudae nsnageu
ansandinaadilnihlngldiaios Auto lab PGSTAT30 (Cyclic Voltammetry) dhunsvadeulasiadisuasaniuau
wudnlaeldndesqanssAudidnaseunuudesiiu (Transmission Electron Microscope) wazndoiqanssel
BlANATOULUUERINT A (Scanning Electron Microscope) mﬂm'ﬁﬁﬂmwuiﬂmmmﬁ;%&“ﬂzaauqaﬁuﬁaﬂ%mm
asvounuaarhfuladeuanTudaliiun Sesngnisaifiiatuiedestulassairednfoudnludalmunay
Ufduiusfuansueunuiaduiu Wundy Fondinguansuoulunfeudnludaliiun Ssdnugiigiuiied

o |

Fnsrdrulastimtinvesnsusunudn loneudnludalnunyingu 6:6

o

FfdRey : ATUBULUAR, Tannszdu, AAug, wummedsaliid
Abstract

The expander materials are the main components of the negative electrode, which have the

properties of increasing the capacity and number of cycles per use, and include barium sulfate, sodium

lignosulfonate, and carbon black. In particular, carbon black has the function of being an electrical

conductor due to its property of aggregating a large number of particles in a branched or chain-like
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manner, with high porosity. However, the role of carbon black on the negative terminal capacity of
electric vehicle batteries is still unclear, and the optimum weight ratio is also unknown. The testing
equipment used includes electrochemical property testing using the cyclic voltammetry (CV), transmission
electron microscope (TEM) and scanning electron microscope (SEM) were used to investigate the capacity
of the negative electrode and to examine structure of the expander, respectively. From the study, it was
also found that capacity of the electrode was high when the amount of carbon black was equal to that
of lignosulfonate. This phenomenon is related to the structure of sodium lignosulfonate interacting with
carbon black to form groups, called lignosulfonate-carbon black cluster. The maximum capacity was
obtained when the weight ratio of carbon black: sodium lignosulfonate is 6:6.

Keywords: Carbon black, Expander materials, Capacity, Traction battery
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Abstract

This research aims to evaluate the suitability of using water turbines to generate electricity from
cooling tower blowdown water by comparing a Pelton turbine experimentally tested using a small-scale
power generation prototype with a Kaplan turbine, analyzed using data from a Turbine Application Chart.
A small-scale power generation prototype was constructed with dimensions of 0.70 meters in length, 3.68
meters in width, and 1.55 meters in height to test a 50-watt Pelton turbine under flow rates ranging from
500 to 1,300 liters per hour. The experiments were conducted under conditions simulating real cooling
tower blowdown water flow and head. Voltage, current, and power output were measured at each flow
rate. The results showed that under a flow rate of 25,590 liters per hour and a head of 2 meters, the
Pelton turbine operated efficiently with cooling tower blowdown water when the flow rate was
sufficiently high. Although the head was relatively low (2 meters), the system could still generate an
appropriate amount of electricity for small loads. The Pelton turbine achieved a maximum power output
of 321.02 watts, making it suitable for systems with high head and low flow rate. In contrast, the Kaplan
turbine, which is designed for low head and high flow conditions, produced 125.37 watts. Using a Kaplan
turbine may require system modifications to increase the flow rate. When comparing energy efficiency
and installation feasibility, the Pelton turbine showed greater potential for application with cooling tower
blowdown water. Additionally, it could reduce carbon dioxide emissions by approximately 1,686 kilograms
per year.

This study demonstrates that generating electricity from cooling tower blowdown using a small
Pelton turbine is a feasible and promising approach. It offers an opportunity to recover energy from the
cooling tower's discharge system, improve energy efficiency, and promote the use of renewable energy
for long-term sustainability.
Keywords: Mall-Scale Power Generation Prototype, Cooling Tower Blowdown Water, Water Turbine,

Cooling Tower
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3.2 fafiuth Yu1ARIL 200 303 $1uau 21U et 2 uee 8 MdmsuiAuihilflunismeaey

3.3 1asesinAmslitii (DC Meter) vaneian 3 dmduiainszualnin ussiuluin uazidaluiing
wAglFan e

3.4 49 ndn 91N IaLUUATYA (Flow meter) maneas 4 THdwsutasasnisinavenirluszuy Tny
anansaindmsinisivalalugag 0 s 120 dnsdeundt iilemuwsiugilumseuaunmadeuUsusasnslvalagld

MNasusnsINslua

3.5 Juthwdiavioslus 9907 2 1A389 nungla 5 uaz 7 lneldnsinisivasgluyae 5 89 40 dnssdound
nthiguidigssuuuagauaumsivavesnigig

T
29 5 Aeiudmasunlglunisnadsu
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4. NsveaeuUsEdnsnmvesseu yinsveaedagldininassndauaudilndlhesiuiissuie veave
] ° Yo T A o ' = a )

waoldu naaeun1sinuvesssuunelisnsInisinaveaiunnseiulugag 500 84 1,300 dnssatalus AU
2 wng Wngdadusenulnii nszualiin wasidslnihindalaandaiudinadu Tuudasdnsinislva waauiun
Usziliudneninvesszuuluauneis lnglddayasinszuussuisihvemenaeduiilisnsinislua 25,590 dnssie
Hlua ierluAwannsnaaliinluseauldauats Inegedwinanisnaasanltaanyasuwuundaliitvuig
dnseiviunadiu funsunvegeusaziiudayanidl

4.1 Anasiaiutmadiu Tugaduiuudmsundaliin

4.2 nhfflguantilndidssiuinszuisanvendeifuumeasdlugadusuundnnszualnii aanin

" a 3 v & 3 4 = g

szuevewenaoiduliih Tnafuthaduduiudl (raneiay 8) wienyudeuinlussuy

4.3 Y¥NN15SNAaRINENIINITEVE 500 04 1,300 Anssadalud ngiiudnsIn1stuansias 100 ans Aatilu
AuALlagNSUTUIIEE (Minglas 6)

4.4 vimstuiindoya nszualih mddlih wssduli vn 9 20 WA w6 A

4.5 munsannisvaseineasueulaeenlan (CO,)

Nan1sALEUNTS
1. amsvegeumanaalniinandaiuin
AsuaRIRanImagaunsnantWiandeiuin Ingldisiumadiu aeldanugs 2 wes (Head) lng

wWagw dnsimsiuavadun nan1sveaeuaunsoaguiasianslanussazdenlunise 1

A135199 1 wansvedeuntsran i lugesunuundnnszualniinanihssuisvesvenaeidumesiu

WARUNAIINES 2 1nS

ANEA ansnIsiva usanulnin nszualnin maalniln

(1un3) CRERR]) (lhad) (wauuys) (Ineh)
500 8.52 0.05 0.43

600 9.50 0.11 1.05

700 10.32 0.21 2.17

2 800 11.42 0.32 3.65
900 12.59 0.37 4.66

1000 13.40 0.45 6.03

1100 14.51 0.52 7.55

1200 15.50 0.58 8.99

1300 16.00 0.65 10.40
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ﬁ]']ﬂﬂ']ﬁLﬂi’l%ﬁsﬁauuaium’li’]ﬁﬁ 1 wuinddslaidsasldanndeiuiimay Imai%’ﬁﬂﬁﬁﬂmamﬂ’mﬂélﬁmﬁu
Tszursvesvenaofuanlssliingsnnudousiy Ailsnsnisivanaus 500 — 1,300 Ansrodalug nuin
usastulaiiin nszualiiin wasidsldidnanldmwun i unusasinisivavesni fisasinisiva 500 aas/dalus
IEusarulidin nssualndi wagaslning 8.52 Taad, 0.05 weuuUs uaz 0.43 Sas aua iy uaziisnsinisiva
1,300 ans/4lua Tousssulniin nszualnilh wasiddvinistudu 16 Taad, 0.65 wouuds uaz 10.40 nd

pudsu Wathinndennsmenuduiusseningdnsinisiva fu usasulin nszualily wazidslnin Tassnnd 6

10 -

*
7 7y =0.0128x - 6.5338
R? = 0.9932

WA (W)

189
¢

o

500 600 700 800 900 1000 1100 1200 1300
ansIn1siua (L/h)

AN 6 ANUFUNUSTENINERT IS ranuinaslwin

AN 5 LAAIANUFUNUSTEMIN99RIINS Iave9tn (Flow rate) furdalniinindale (Power) vaariaiu

v |
° o w

11 Tut99msinisina 500 89 1,300 ansaatilud wuinmasbudiiuduegradnauniusnsinisivavesin tned

¢ Ao

gnsnslua 500 aasdedalus Wiraslniiengad 0.43 Tad uasiintuluasgai 10.40 Td Ndnsinislua 1,300
ansrodilug kaneensInsivavesundwmananiacliin auduRusAnanianvasldudunse y =
0.0128x-6.5338 uagileduuss@vdandusius R? = 0.9932
A4 o o w a4 a Wy a = o v ay v ° A a ¢
Waumasliinanldaseainnimeassuiisunidsinianldainnisdnass adnsiesiniiy
winguazauAaIanfouvastasuLuURaanszLaliihanissvevewmevandy  wandldnusivazidenly

AN5199 2
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A15199 2 Wesidudanurainedausenineiddliihfndalaasinneasasazidslninainnisinass

ANge | dmsanisiua (Vh) gl (W) Aaglnin (W) wWasidud
(m) (naaav) (F1809) AMAATALATDY

500 0.43 -0.13 -131.12
600 1.05 1.15 9.16
700 2.17 2.43 11.81
800 3.65 3.71 1.54

2 900 4.79 4.99 4.10
1000 6.03 6.27 3.92
1100 7.55 7.55 0
1200 8.99 8.83 -1.82
1300 10.40 10.11 -2.83

nnsnaaenanliiiiaintissunsvemendedudae Pelton Turbine Imai%’mmqwaaﬁw 2 LUAS
(Head) wagiAsuutas Snsnisivavesi (Flowrate) mheidudnssedalus (Uh) iioguasderasliifindnld
mheduind (W) Tutag flow rate 500-700 L/h - @1 Percent Error Laﬁaqm’h 5% wswinlnaldaiiane way
Tuma flow rate 800-1300 L/h fn Percent Error W@@esng1 5% uansinnisnaassilmnausiudigsluginisina
flunn Lufiﬁmmﬂmmﬂﬁauqqﬁ flow rate #1371 700 L/h ilesanmisinalilasinausuasnansenuainusaden
NUVDVID

Jpendeanuliih (P) Andnldanninssuevemenaaidu S8nsnsiva 25,590 ansaedalus Tngly

o

NANISNAFBUNISHAR INTHNvaY Pelton Turbine Falaaunisaudunusseninegnsinisiva (Q) Aumaalus ()

o

e

P = 0.0128Q - 6.5338 (1)
LAUATMIANNTS P = 0.0128 (25590) - 6.5338 W
= 321.02 W

2. frsundainiimingiuadueas 2 wns (Head) 210 Turbine Application Chart (2wl 7) Lite
Uszuiiunaruinnazihunldtussuuinssunevewenastduainlsslidindsanusousiy wuin Wudswiusinen

Uau (Kaplan Turbine) FsdnanAulniiieusediuniswanlni
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1000 o ¢ I = e
; :I i P N o - -~
Pelton Turt;ines P
Ing 1
L
\\ | F /
~Turgo N NN
100 — i
E L T ; =
- o NS
: B 2SS
T~ N
Crossflow \\\ $==,

1 = = :;

0 == =

\‘ T~
N T
Kaplan Turbines ™ N
\\ | ™N G ,/ \‘
1 i PR \\
1 10 Flow (m?s) 100 1000

A9 7 Turbine Application Chart

(37: @iaN1THAY UaENITAWUNEANGITUNALNUYAT 3, 2554)

nnsl o3ueldeedl dm3u Head 2 wns szneiuAsfuuuaUay Tnedl

1. fiufinsldaruues Kaplan Turbine Tddwsu ilvawmn winnugaitdos”
wnu X = 8nsnsina (Flow rate) e m3/s sausiuszanas 10 m3/s & 1,000 m3/s
unu Y = eugai (Head) ihe m waust oot 1 m SeUszanas 30 m i
unues = dslnifindale (MW = wneTad)

2. &slniifile (Power Output) %GTTuanJﬁ’U Flow Wag Head aadumaslvin nanfe

dalinfindunuts Flow" uay "Head” wuuludndau
3. Kaplan $83m13 Flow 18z §83n13 Head i T8l faus 0.1 MW sudaanedos MW

wingu winivg, Weu run-of-river, hydro plant wuuuilaias
nan1sUsEiunswaalnian Kaplan Turbine a1nmgud] awnsaaualaanaunis

P = NPgHQ @)

o AnuvuwUuveshivhadunlansusenisnauns (1000 kg/m?)

44

Ao UseanSnmwasdaiu dvviedudosidud (90 %)

P o

Ao dmsinstuva ﬁmmmﬂuqﬂmﬂﬂumﬁiaﬁmﬁ (0.0071 m*/s)

o =S ©

G A AU SlpanLsdtunsvadaniauszaiu 9.81 WaAsAIUT (M/s) H

d A o Y a a &
A8 ﬂ'ﬂlIQQ LuaﬁﬂﬂqﬂﬂﬂaqﬂaﬂllﬁuqEJLUUL@J@W (2m)
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WNUAASbUENNNT
p
p

0.9 * 1000 kg/m> * 9.81 m/s * 2 m * 0.0071 m*/s
12537 W

NaIATIEANISHAR TN T U s YR IRraBE UANAITUIaRULAE faTuAUaIU Lanalamiy

51888880 lUA15197 3

A15199 3 HAATIZNSHER R N sEUevR e vdB iU N AT as ULa LA ITIA YAy

NI51WND35 AYAULNanY AyiuAIUanu
gmsnshua (L/h) 25,590
ANES (M) 2
el (W) 321.02 125.37

N 3 Wisuisumsuaaliihestatuiin 2 Yszian mmelditeuludnsinisiva 25,590 ansse
s uazAnugs 2 wes wuhisfumaduansalfnudutuissusemendeuldesnsdivssaninm o
dnsnslvadiangdlussiunds uazuiiinmmgearliunn 2 wng) uifasandalidhlalussduiimnsaui
Tvasuunaidn wagfaiumasduaansonanindslnihgaald 321.02 3ad Fauansfenmumnzaudmiusyuunan
Il Lem (Head) gauagdmsmislvavasiieh Tumanduifu fafuaidatu (Kaplan Turbine) gneonuuuarli
vhaldegsiivssansnmaeldieulviifiien (Head) uazdnmnisinags Inelvifndslwingeandl 125.37 fnd
el wndiumuauanldluszuufenan onnsndudesufudssszuuliaunsadusnansinavenh ielwld
UsrAvsnmmavheuiivangasiey WensuiiouluudvesssAvsammdsnunasamumngadlumsingly
szuuase AviumaduFuansaudululifianindmiunsussgndlifuihssuisnnrendeifu Viednisdnwds
ianauuziumslumsoenuuusr U radnfuenzautudeuluamevoumanihgaamnssy
3. MTAEinsann1sUaseiigaisueulaeenlen (CO,)
spuuTrUBemevaauiinssruethedweailowmaon 24 Falus dwaliszuundalafingeiaiy
hinaduannsasudumsnaandsnuliitldnasaeiu Taendsnulnihinaaldluutas Suanansosiuadldd
fupoudt 1 : uwashdsluiidundinusedilu
maslihandaiuwadu  321.02 Jnd
waanwsiedy = 321.02 W x 24 h

7.70 kWh/day

a

Juaun 2 - An1sUassitamsusulaesnlonainnisnanliidisiedeindseadalaibansneiuniy
UszLnnuaudaimnads Insaiuiuiainisuasslszaia 1.0 kg CO2/kWh LagAnesssuanfussuiad 0.4-0.5 kg

CO2/kWh d1n5ulsenelne ﬂ'wmi‘Ua'aEJIﬂsJLa?ilaa&ﬁmem 0.5-0.6 kg CO2/kWh #ailu Tun1sitasnzwilds

donldanaded 0.6 ke CO2/kWh (Global Economic Insights, 2024) A1n15aani15Uaasfing CO, 1nNASHER

nasulnieesruuiiuinausacuialasall
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N3 CO, AU = 7.70x 0.6 kg CO,/day
= 4.62 ke CO,/day
= 1,686 ke CO,/year

N5UTLALAMUANAMNNIATEFANEAS (Economic Feasibility)
mstszdiudesfuiuassgmansndanunuin mnssuvannsandaliildiade 7.7 kwh/day 2w

Usendaanlnilauszanas 10,000-12,000 Umnsaal LﬁaL‘ﬁEJUﬁ”‘umiamusqmﬁw,wmﬂaﬂ'wi:mm 60,000-70,000

uw Sszsrafunusn 5-6 T dadehileududlusydunil Insengluszuuiidesdinsssushegseiiies

FJumuzsonisunluvenenalulssnugeavnssuvuianaiisvwn ey

dsunauaznsanusie
nuissatuiRdmnglunsinunmsUssdiunsdenldtaiuhdmsundalnihomhssunsvemeonds
Bu Tneivuiileutoyamvnsesestiviunadudutoyasridmoatfuntaiu Inslindaruannislnavesi
Tunsuyuisiuiuiamadiu Mosenuuuiasianngaduuuundaliihauaidn nansmaaesnya
Gnuandliitudt Vinamdanuliihfindelddanudiiusdaandusannsinavenii las fefumaduaunse
wanligagaLade 10.40 3nd ns1nsiva 1,300 Ansretnlus Wevenenasnyaduuuulugssuuaieifisnsinis
Ivia 25,590 dnssiodalus nudszuvanssandnlnildgeanussana 321.02 fad wazidedinzvindanululih

MnfwfumUauiivanziuaugs 2 wes lagd1sds Turbine Application Chart wuinAwaanulifihiinasldog
7t 125.37 ¥dt Wowdouifioulunivesdseans ammndsnuuaranumanzadlunisinaslussuuase fafumasuis
wansanundululdifnidmsunsussgndldfuissuisnnvendefu uenaint szuudsdidnenmlumsanns
Yassmaasuaulneenlantang 1,686 Alansused

MnranIsAnyImaamsagUldh mandadsnuliihanihssunevemendeisulneUssidiunsld
Foumasuuasfoiuiaiary Wuwumeiitanuduldld Sniedsdidnenmlunsimdanunduanldlng
PIAANITEAUNG N atuayunsldndsnunyuieu warduasumudfuresssuussuisinvemendeafuly
svuzen wonninsuszgndlinalulaBaiuaudalus® 1y 10T wa Sensor Monitoring aztielszuunan
Tfha1nthssusvineuldedereideaariiaiosnmuniu Tnsauisansiainsnsinisliaa AUy was
m&lnfuuuealng nfeuviuarnisaulaeseluifdefinnuuususiu wmaluladienandaaeia
Uszdniaimuazergnisliauvesszuu nasnauatiuayuniswaunlugszuu Smart Micro Hydro Systemn i

wingauiugnavnssugalyl

Jorauauuy

msnageufuszuUsTUIshanvensaidululsdluimdsnudousmneldidoulenie teussifiume
nsgnuUINAEsLIILaey guvniluth uazanugs Wudu ludaloune nedgarsdaaiumstumeluladude
lihruadnaniissusaldlunagaainnssy dusesnsaduayudiund Guinondes vielasenis
ESCO wiarfiuussgdlalinmaensuamuluszuundsnuazenn sy sannsuuiansldnineinsesnadue

(Circular Economy) gidnmanggaamnssuaisuaus
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AnRNIsUUIZNIA

{Id8veveUAN AS.ANUIEAY] 1a9A Lay As.duns aniiniuna nYleuuzi Waus aduayudeya

U

Usznaun1side naenauruuzididy o veveunad g fiugie uem wlewed Wudidess $1in (Ussmelne) 9

Py
N
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OPTIMIZATION OF GROWING MEDIA COMPOSITION FOR SOIL PROPERTIES AND
GROWTH OF TORPEDO HYBRID QUEEN LADY F1 WATERMELON USING MIXTURE
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UNANED

mu%’a“ﬁﬁi’mqﬂ'3zam‘Lﬁamd’sumamaﬁa@ﬂqﬂﬁmmwawia@mamﬁawNmﬁ%nﬁuﬂqﬂLLazé’mwmi
Lﬁ]%z:yt.?mimsuammimmsJﬁuﬁ:mafJimqﬂwamﬁuLaé F1 lagldnseaniuunismaasshuudiuna (Mixture Design)
Tne¥anuanildlunisinw Uszneushe youenin nmuuznin yats unaus wagiulgnilensdn Tusnsrdi
WANFSTUATUUNUNTNARDIUUAIUNEN WAIVINNNTIAT1EVNATDI8RTINITIATYAULIYEIAINEIDW RTINS
Wigiulavesdwauly dnsimsiasyivlavesuadiiu ludiuvesnmsvegeunmandivesiagugn Useneume
Al (EQ) Aanuidunsa-ans (pH) wazdunudens wan1sAnwmudn drunauimngauiigafo ye
uznindevaz 15 muuzwiniesas 15 yati¥esas 20 unauiiesar 1554 uazfulgnifientsdnienay 34.47
sﬁaﬁﬂﬁﬁmﬂmm’%z:yl,auG'Twaammqu%’u%’aaas 76.97 93 1N15LAs YAUFvesesiwulusoar 21.30 6031
N3RS QRUMTEITRUIAAIAUTaEaY 0.732 Auvugiay 12.29 v an1suilwil (EC) 2.19 (dS/m) wagaa
AnsLdunsa-Ag (pH) 7.2
ANEATY: NTOBNKUUNITNARBILUUEIUNAY, 8nT1Nsiasaiulnvawady, audiniaaiivesiulgn

Abstract

This study aimed to determine the optimal composition of growing media that enhances the
chemical properties of the growing substrate and the growth performance of Torpedo Hybrid Queen Lady
F1 watermelon using a mixture design experimental approach. The growing media materials evaluated in
this study consisted of coconut coir, coconut husk, cow manure, carbonized rice husk, and commercial
growing soil which were combined in different proportions according to the mixture design matrix. The
growth responses analyzed included the growth rate of plant height leaf number, and stem diameter. In
addition, the physicochemical properties of the growing media were assessed, including electrical
conductivity (EC) pH and cost per planting bag. The results indicated that the optimal growing media
composition comprised 15 percentage coconut coir, 15 percentage coconut husk 20 percentage cow
manure 15.54 percentage carbonized rice husk and 34.47percentage commercial growing soil. This mixture
resulted in a plant height growth rate of 76.97
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Growing

unin

wnala (Gitrullus lanatus (Thunb.)) iufinluned Cucurbitaceae Zaglunsznaiieafuuaumgy finmes
wazunsnd usslufigaudmidasuinisgs Sseauluseansewnsdrdmans sl liun laledu (Lycopene) Imiiu
10 97U Ingdu (Citrulline) Tnuvaido Jniiud wasiduloes uenand usdludadufinasugiafiddyuos
Usenalne inwasnsvinismizdgnuadaly 63 Sm¥a dfufingugnion 61,859 1§ awnsaadiwandnld
93 654,527 Alansu Fead1sseldidusauunliuiineasnsing (nsudaasunisinens, 2024) Gﬁﬂumiﬂgmmﬂu
ﬁﬁuagiﬁufjﬁwmaﬂizmi Tavlannzeensbennunmvesiantgnuas fufimanzay nsliiaguaningauasd
muddnyetudwion1sUgnunana Sanugnfifenldlaun yuuenin nsenenu nnagys duLnau uazunay
sy dseauinilethysugninunsauiviaggnvilvinmseiyivleind dewisudsunislitanugnd
Usznoumeiusiunionineifissedinien Jsiaguaniidyeusnirududiunay vilifivdng wigdulng
downiinisifuanutusasiinsszusenialdfgu Inen #3u1nuuw (1980) 51891131 wnaue udu
fanusuugsiufioteifiuausiuge Whuwssn 1eld fuduhld Yaglunswzugnisianuddyuassndude
nsinzdgnitvegnann msiduianiifiaunm uaziisinomsiifivdesmsvinlifivugnissivlalad msldae
uvwsnﬂamwmmwwuﬁmmum 1778 (green net 1778) luszuuugniivleaelaldiulsinandmiiian (esainye
ugwimiimsgu szuneth wag s yuwemdldintiinued wﬂmLLmwmmmﬁwmmmﬂﬂiﬂmamnmivawﬁmw
(unWs IedAisT wagtusing Sell, 2019) wonantl afing qUusw wareniy (2016) na1rin nsliYanUgn fio
wNaUFu unaumm Ausiu Jeaen uazdeialgns 16-16-16 dnsidm 3:1:1:0.50:0.25 vilvimugediu Ay
139 waznsejuAian qinsn alusw uazdes qlus1v (2018) nanin nsliianuanleiun yeugnin Jenen
v Jeiallgns 16-16-16 8051 1: 2 : 1: 1: 0.25 fnasen1s@syduladuanuasiu anunimsmudmauly
aruntly enuenlu twinan uagenuemsniiian
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1 150 | 156 | 226 | 150 | 31.8 | 4372 | 2196 | 12 | 1216 0.84 75
2 150 | 150 | 200 | 200 | 30.0 | 5281 | 23.19 | 025 | 1206 17 72
3 195 | 150 | 205 | 150 | 30.0 | 72.22 | 2148 | 068 | 1256 2.23 6.8
4 150 | 150 | 200 | 150 | 350 | 6833 | 20 | 074 | 1231 2.54 6.9
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9 150 | 150 | 250 | 150 | 300 | 54.61 | 215 | 058 | 11.94 155 7
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Abstract

The paper bag handle attachment process was a labor-intensive task that relied mainly on
workers” manual skills and required a long production time, leading to worker fatigue and complaints
regarding working conditions. This study aimed to reduce work-related fatisue among workers involved in
the paper bag handle attachment process by applying ergonomic principles. The study was conducted in
a paper packaging manufacturing and distribution company, with seven workers participating in the
assessment of discomfort levels in different body parts. Based on the assessment results, a worktable was
designed and an appropriate working chair was selected according to ergonomic principles, using

anthropometric data from twelve body dimensions of the workers as design criteria. After the ergonomic
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improvements, perceived discomfort was reduced by 84.62% in the knees, 47.06% in the hips or thighs,
44.74% in the upper back, 44.44% in the hands or wrists, 44.00% in the lower back, and 39.40% in the
neck. Additionally, work risk levels were evaluated using the Rapid Upper Limb Assessment (RULA)
technique. The RULA score decreased from 6.85 to 6.14, a reduction of 10.36%; however, the risk level
remained relatively high, indicating the need for further ergonomic improvements.
Keywords : Ergonomics, Rapid Upper Limb Assessment, Work postures, Paper Bag
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NNATANYIMIMNNITTNUdmunTzUIUNIRANgINTEaY Wi mdnn1semansitiuusul e
gUnsalmsvhan Snquszasdiiteannnuidesdlumsinueminauiaygenszawiasiitosediumnudsduy
mshausemaia RULA Swmdmnnsuiulsiferamuuasistohaudmiuntdnmuiaygnssay udali
winaudwu 7 au Yssidiussauanulyauiglusenmeiudiewarduun awdesidudseiuanuidnliauis
anaq fataluil Wananas 84.629% axlnnudodiurianas 47.06% wdsduuuanas 44.74% feviedaionnas
44.44% nFEuA19anAe 44.00% ABARAY 39.40% Lrdanal 38.46% WyUAIUANaNaT 38.46% UINAINUWANAY
33.33% 1p1u1anas 33.33% JeMonanas 5.88% uazivinanas 0.00% AuaU wazn1sUsTIuAIMLEe
Tumsvihnudundnniseaans femadia RULA feunsuiudss Ssefuaziuui 6.85 azuuu vdsnisuiulge
gunsailumsyhanuvesntinauiaygenseauudl fseduaziuuil 6.14 AxuUY anAsINIRY 0.71 ALY W38
Anfufovas 1036 MnnsUszfiuemada RULA deunagndanisuiuus waazuuuaiudeseglusziu
ey mndesnisanseiuaziuumds sas AIsvnsAnwRtnshauve s ewuiaiy e sulgda
gy
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unAnga

mAfeiiilingusrasdifleanUinamansusiunnissandeliuniesogninieiudaymuiundsuden
vign lundnfnusinusesiunszugsasud nszuaumitelissyndldinaiianiseeniuunismaaesndimnssuiive
vmnsflmesfivranyenszuIunsdenmui LU Tnewiine fddyidwaretgmiuduinden
van Iiud Usnanszualalii vanfinszudlwihlvariufunu uazusinavesiafil nansinsizsideadinyi
wsflimesfivazanvonszuILnMTienanuiumLLUUYe Ao nszudliih 14 Alauewuus naudeu 12 luda
kazLsInamInd 4,000 Hsiu dlethwisfiwe stz auuldlunszuiunisuanasanudn druandnaiunans o
unwasUszianutiuindeangaainiu 42 Tu (0.30%) wde 0 u dwmalilififeunniedulssinndndndnseoly
waziiumufianelavesgnanldealiuszansam
Adfey: Tnsdiesfivanzay, nsEUILNSLTeNANLAUNILLUUYN, N1158ALUUNSNIARDY

Abstract

This research aims to reduce the number of defective products resulting from customer
complaints regarding the detachment of welded nuts in automotive truck bed support beams. The study
applies engineering experimental design techniques to determine the optimal parameters for the
resistance spot welding process. The key parameters affecting the issue of nut detachment include
welding current, welding time, and electrode force. Statistical analysis results indicate that the optimal
parameters for the resistance spot welding process are a welding current of 14 kA, a welding time of 12
cycles, and an electrode force of 4,000 N. When these optimal parameters were implemented in actual
production, the number of defective products due to nut detachment decreased from 42 pieces (0.34%)
to 0 pieces. This effectively eliminated defects of this type and significantly improved customer
satisfaction.

Keywords: Optimal parameter, Resistance Spot Welding, Design of Experiment
unin

Waweneusenuimianineglungduanavnssueueuindngudiusasuddidignen Tuaunisvin
wifisiUnAugUINdIuTasud ddesasuiiagsaussyn swdmliediaiednananisinunsiazdug Jagdunig
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UiEindndusiog 3 Ussian e Ussandl 1 wdndasidudinnudy Yssianil 2 wansusiddsasud
nsgvaunsTituduanmuiiisusenouddeiilidundesusinuiignddesns wasdssianil 3 nansos
fhdssaussyniifinnsuseneuuazying EDP (Electro Deposition Point) asdignénimun

HagUunde Susiszinniudiuduiimiuvainnaisresindusuiideniulssneudfeiu 3
nszvaunsUsznaviilewldlugramns sunaniudiusasud Ao nsifouanudumuiuuga (Resistance Spot
Welding) GTfaLfJumzmumiﬁﬁ@’lumiﬂisﬂaue'?iyudaul,wiaz%uiﬁ%ﬁﬂﬁmﬂu%wﬁm TnenszuIunsdeuny
FUNIULUURA Teﬂumi%%udauuﬂumﬁmL%au (Nut Weld) TWnffugiusy mumLLﬂuLﬂﬁmL%auﬁuﬁwmﬁ
wnnsnafueenly dausunn M5 89 M12 ANUNINTFIU TSB1503G (Toyota Motor Corporation, 2007) Fafteluun
wuhndundeadeuiifntuiunuduinnismaresnaniunu uavdmansenusognén Tneileddunuiifing
‘UsmauLL{]umammaui‘wﬂ‘ugﬂmwmwumuwmwﬂﬂﬂamau‘tumEJmiwamaaqﬂmuwﬂ@qumaalﬁ]u
indenden dwmaliasnisndmvasgnidomyatsin uasdesihdunudnanesnuitenueuiily wasding
Bondosngnéliinsuanivdsudunulminuuiidunuiiidounnies wasdunuiiifluafen (Stock) vasgnén
dielinnsihe UssfuamunmesTsnihnsesaauuasudunaiunuiiidounnsosiulfiunisnsagey
A MLazYNsAT U LR UM InTare Uil USaRenvesgnilu Ssdnwarnmiatymiuindureade
Funnuazidenailunisnsaaeuuazudluiiefudugunm Fansgnanldmmunatmainevessnsinis
wandsutunuiiideunniadlilaiAu 3PPM (Parts Per Million) sioifieu FemnsuismieseunuamaInes
wAnfaaiing 9 Wegluithmunganmauadnandisiu nefideddumnudedazudladywivad lae
yhmsnwnmsvmsidimes fvanzasitevinnismuaunsiinesveinszuaunsdenganuuauiiuv g
dwalviduruindaeonininunmweuiinwuels

nnuRuazuITeiineavas

naufiifeaves

1. nSEUAUNSE L UUANLE UMY (Resistance Welding Process) (Aslanlar, 2006)

madennuummiummdunndenilimnuieunazusina Fdld¥ummufounnnszualniniluadn
seufe83t Y ANUFUNuTesTessavadlavsiunuasylAnmnTeutu Wonsrualuilnaniuifies
woftagyinlilans ousudsgamad Mvillavzegluannywaiadn (Plastic State) wazi3usgluanmvasuazas
nniudelangfiogluannedinanldsuusnadide fursiililansisaomaouasaisfiotu ndmndlolid
nszudlihlvadu lanzazusiasegluannevesudailildsoadounusioms madeussanudumudui
frudiosnidonnuldnnga nstasevedanstunuites awisauiulsaduszuudnlui@linedefaims
NanAnTigs anunsnufulilidudumildumenuuszneuusstuguld Snisssndanauaniiniiniadonsiia

2. 1N5NLUUNTTNAABY (Design of Experiments)

N1900NLUUN1TNARES (Design of Experiments) Ao n1snadaunsaismienaiies Imamaauuﬂaamm
wUstudn (input Variables) Tussuunienseuiunsitaulafinu ileflasshlnanunsadaunanazdtsamans q i
AelmAnnsiAsuudawemadnsitls (Outputs or Responses) 3MnszuIuNsuioszuvilngfuUsazgn
Jauvadu 2 ngu Ao nquilmruaula Funa1 FudsmIeuadufinauaule (Controllable Variables or Factors)
waznquitluannsamuauld Sunn fudswievadsiisuniussuu (Uncontrollable or Noise Variables Factors)
Tovhluuaafuysiirmuauldléviosuussunau (Noise Variables)

3. emsiuinevaues (Response Surface Methodology : RSM)

F3AsHuRIneUauDT (Response Surface Methodology : RSM) Hunissausinionnaianemag
adinmansuazynadandusslomironsaauudasasmyinsgidym Imaﬁwamauauaaﬁau’la%uag}ﬁu
naneiulsuasdiinnusrasiiinsmaiinfianuewaneuauss lnsdulngasuansiufanovausdlugUvesnsniin
diofiraglfuesguinmesiufnneuauadddfiteiu Sso1maswiemidulazeing (Contour Plot) vosiuRInoUALDq
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Toeitdamdulngjay insuanuduiusseninmanevausuaziuUsdasy Tnelutuusnavfeamsusanadi
winzau il dumunudmsunanseuduiusiuiasssning y uasiwnvesiiulsdasy eanduluusiaswes
nameuauesinudTuS iU nduiuiulsBase Hviduildidusuusiaetdmils

nuiTeiiAeates

Qiu et al. vmsidonegiillosmasinia A5052 wiiulwumanIaiy SPCC wasmdnnanlsad 304 me
msﬁ‘iaumummmuw wAZIIINSANYILATIATITANIAUTINBUNETINAVBITOEABLNYAIUNABIFANTIAULUUABDY
1270 ALY IUTIVDITOIABYIINNTANYINIBAITNARDULTIAILUUNINUIN LagViIN1ANYIANUELTUS T8I
1A598519980 1AV UBWND T IEVEITOEABNEKAT ATAIULTIIIVBITOEND NANITNARBINUTT ANNWDILT]
e duTusTaens iUt uansUsEnauAdlany (Qiu et al., 2010) FANNNINDMTLUS N UBUMDS WavesT DM DAY
Fumsuszneviidansilunailomumnnnuiivsnaveuvesesneuasmnauiiluneidesiifiaunnagiilnaia
wiauswessosnoiiAniudy

Aslanlar et al. ﬁwmqsﬁnm%w%wammmzLLamiLﬁ?iaumumw,wmmﬁﬁmamaauﬁ’amqﬂamaumumﬁn
wasudenzauazlaslun (Aslanlar et al., 2007) AIURUIVBIUHUUANTIAT 1.2 L1al. Lﬂ%‘IENLS?II@Z'J(;]/WUVI’]ULLUU‘\;G]L{:]u
Lﬂ%‘lmﬁauﬁmmmm‘uauL’Jmuasmzuﬁlmmm 120 kVA 93a3a1silien a1 5-15 lada nsvuadon 4-12 kA
usanPBEnInsaiaA 6 kN wazihtunuiildluvhmsmegeunssiaiounazasnia Womaiannzasideud
LANZEN HANTTNAADINULY mmmu%aLLﬁdLaaugqujmmmimﬁaLs?iauﬁwmma 10 kA 15 l9i@a mmanueIns
Fudndian 15% vesmumuian usluiiu 20% Lievilvlafvuwudenisinunin afmunuadendiafiaany
1§ dlovhnsdeumenszua 10 kA 10 lowda wavnszua 9 kA 12 luia SuilwmAenisdudnuszan 8% venn
w1 vugfimauudasweanisaenimulafinuadeniiiountsnseua 11 kA 10 lewda mnuwdausediladian
Ussanaedamdiesmanuudwsdaiou mannenisdeuiivuiivluiielulan1sfudnusyana 8% v
ndan fia nzua 11 kA 10 l#iAa

nsAniuauldb

FupounsuiuniAdonismamsivesiimugaulunsifoniuuge Fudwnduneumsineiv
JIUTIUTYA uagtunaumsiuiinny Fsilagiuuitmnanausesiunsruzsasudddiigneig 4 annsiiv
JoyatoTeuiounngn nanduiiitounnsewingnAioungAmIneu w.A.2567 Usngin Handuaausessy
nszvzsneudiidetenioumniian Ao Jymiuthundendeuaeionun dudiuu 42 Fu dealsilinnamegelating
mammgﬂﬁ%ﬁaLLﬁlmﬂfymLLagé’nﬁﬁzgmiaaLﬁ?‘jammﬁuqum 4 Fu Yymudlundsudouiinaun 1 3u Yy
mMsdeuudundefiaduns 1 fu Jguudundondoudeutu 1 Ju Fdutrnieungadniou Snisubaniu
5093UNTEUEIABLAT I 14,300 Fu uazilveadeiintu Andu 0,30 Weddud fwsafl 1 uasuansfannd 1

A15°99 1 wansUTueadsfoungAInIeU WA, 2567

Snvardounniowomdndas | Usunamsuds@u)
wiundendouvan 42
iasJL%amaa%uqum q
wilundendouinuung 1
mMssdeunilunaefndums 1
wilundendoudoutu 1
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50 86% 94% 96% 98% 100% 100%
40 80%
30 60%
20 40%
10 20%
0
0 0%
@ a a e ENS
& S© & & F
B o a3 & o
G NG o o 2@
s o B S &
& & Av o 2
NS
'Q‘Q’ kS @Q d"}% N ‘(\@
3 ® & ¥ o
er\ %Q’ 3 =3
“ & ST >
®
WNUTDUEYTL) ==Y UFNUTDAEY

AN 1 nsmnslananiUTuiuede oungAINIeY W.A.2567

v =

dudenlgyyndndusiunnseslse LmnLLﬂumaa’mﬁawamaqwaGmmémmuiaamﬂivuvmmeuumi
wiley %aﬁa"’ﬂwm iaawauLLﬂumammagﬂwumu Faldutundervn M12x1.25 fadwes fsesvasnisnasy
azansutundeniney winduindeddeungaesn uansfanmi 2 ndaymfinandesinisieszinaimei
ﬁﬂﬁﬁﬂﬂmmuﬂumﬁmL%amwam 5?;@ﬁ%%ﬂlé’m?aﬁuﬁmawu'imﬂimaau'%ﬁ’w Jgmiorafnannisdinesvesnis
Lﬁuaummmummwumlmmw (@3M9A & l@andue, 2553; Ananed, 2558) immmﬁmiumimmu Luaamﬂlu
ﬂmmﬂﬁwamvmuwﬁmLmaimimammmmummwmmmmﬂaauLLUaamaamm muaaﬂuwﬂgummvm
mwwamLmaﬂumimauﬂiwnaULLaUin"LmLLuawNmiwmu‘mgﬂmwumuimﬂumwmgwﬂuﬂsumumimam
(SOP) ffAfeFaimusmnsimesildluneass Tiun nszualwihilfiden szosnailiifon uazussnavesiiiuily
Tumsiden fm1sed 2 FeldunarnnisesnuuunIsaaesdIulsyaunans UBYAINNTNARDINUUNUNITNARD
Weahamewmailn CCD ‘uaaﬂizmumsmﬁmmsL%aml,ﬂumﬁm Na9NUTEUIANATEAUVDINII LN DT IUN1INAGD
1A ALNUNTNAaDITIUIU 40 W fio MAADsUI 2 A LLam‘uauamimaaalmmmﬁw 3 lnenanouaue

Tensile A ﬂ’]ﬂ’l’]ﬂJLLEUQLLN“UENLLu’JL‘UE]N

A 2 dnvaghlundeidioungavemaninginusessunssuy
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A15197 2 WdwesaAyaunITAaes CCD

SR ﬂi%LLﬁlW‘ﬂﬁ I9YTLIAN LL3IINM

(kA : | (Cycles): T | (F):N
JEIU 1 11 5 1800
JEHIU 2 12 7 2500
JZAU 3 13 10 3500
JE0U 4 14 13 4500
JEHU 5 15 15 5200

A1519% 3 W’]i’]ﬁLG]E]{LLﬁSNﬁﬂ’ﬁVIWﬁEN

d19u | | nseia (kA) | T an (Cycles) | F w3ana (F) | Y Tensile (kN)
1 12 13 4500 13.36
2 13 10 3500 18.31
3 12 7 2500 14.30
4 13 10 3500 17.90
5 12 7 4500 8.14
6 13 10 3500 17.83
7 14 7 2500 17.45
8 13 15 3500 18.47
9 14 13 4500 16.36
10 14 13 2500 15.95
11 13 10 3500 18.12
12 13 10 1818 14.03
13 12 13 2500 14.43
14 14 7 2500 16.60
15 11 19 3500 8.21
16 12 13 2500 16.52
17 14 7 4500 15.36
18 13 10 5182 13.18
19 12 13 4500 16.67
20 11 10 3500 8.46
21 13 10 5182 18.42
22 12 7 2500 14.66
23 15 10 3500 20.30
24 13 15 3500 19.07
25 14 7 4500 15.00
26 13 10 3500 18.58
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d19u | | nseia (kA) | T an (Cycles) | F wseng (F) | Y Tensile (kN)

27 14 13 2500 16.18
28 13 10 3500 18.45
29 13 5 3500 11.94
30 14 13 4500 18.98
31 13 10 3500 18.38
32 13 10 3500 18.50
33 13 10 3500 18.30
34 13 10 3500 18.45
35 13 10 3500 18.30
36 13 5 3500 12.08
37 15 10 3500 20.12
38 13 10 1818 14.06
39 13 10 3500 18.60
40 12 7 4500 8.08

dyunan1mnasg

NARINNARDATOUAUNTNABBIMNTUNUNMAFOU ANuLInIFIUNIsRgeUkTunde LT aumewsadn

UIRTFIU TSB1503G MINMT 3 WAXN1TIATILVHALTIEEH (Statistical Analysis) AN3N158ONLUUNTNARDILUY

drulszaunans (CCD) (Montgomery, 2005) U @N1SOREAINANITILASIZALARININA 4 WUINTDRINTUINA7

wUsmauaues Ao AULT W Sesses@ounuInladenilal p-value Hosnin 0.05 Talaun Jadeuan (main

effect) 317y 2 Yade Ao nszwalnin () wagrianday (T) 9nNshAsIEvANLLUsUT WY dei dmanseny

AoAnuLdaLssvesTeaion wulntadendnndsvswadenisiinvesdesinanegrsildoddny laun nszuali

warhandeu (p-value < 0.05)

aunisuansdymvewdundeitounan unadndvaanisndandnduinusesiunseus s undad

Jagemnedtaa lown nszualuin Lo LazksINAINY @1UN50LAAIANNTS bAGaT)

Tensile (kN) = -258.6 + 38.05 Current (1) + 4.78 Welding Time (T)

- 0.00686 Electrode Force(F) - 1.380 Current (I)*Current (1)
- 0.1094 Welding Time (T)*Welding Time (T)

- 0.000001 Electrode Force(F)*Electrode Force(F)
- 0.265 Current (I*Welding Time (T) + 0.000824 Current (1)

*Electrode Force(F) + 0.000390 Welding Time (T)*Electrode Force(F) (1)
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A9 3 NMsnadeuUL NG TBUMELIIRWBIYNAIMINNINTEIY TSB1503G

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Model 9 368.153 40.906 1747 0.000
Linear 3 223690 74563 3184 0.000

Current (1) 1.157.854 157.854 6740  0.000

Welding Time (T) 63.352 63352 27.05 0.000

2484 2484 1.06 0311
101.559 33.853 1445 0.000
Current (I)*Current (1) 54.889 54.889 2344 0.000
Welding Time (T)*Welding Time (T) 27958 27958 1194 0.002

1
Electrode Force(F) 1
3
1
1
Electrode Force(F)*Electrode Force(F) 1 38.130 38.130 1628  0.000
3
1
1
1
0

Square

2-Way Interaction 42904 14.301 6.11 0.002
Current (I)*Welding Time (T) 10.144 10.144 433 0.046
Current (I)*Electrode Force(F) 10.857 10.857 464  0.039
Welding Time (T)*Electrode Force(F) 21.902 21.902 935  0.005

Error 30 70264 2342
Lack-of-Fit 5 44012 8.802 8.38 0.000
Pure Error 25 26252 1.050

Total 39 438.417

AN 4 NFIATITRANUWUTUTIUNITNARD
TuaIUYBINTTIATILVNURINBUAUDS TN 5 WATNINT 6 SENININTLRENTN 1IANTBN LATLSINAN?

fivvoseisgean szuinfdenszualiiuaznandeuiuinintuszdwaliauudiusaveanundouindy
Tuduwewsinamiivdwasomuudauswasuanioulyun
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Surface Plot of Tensile (kN) vs Welding Time (T), Current ()

Tensile (kN)

Welding Time (T)

Current (I)

Al 5 Response surface for interaction effect of welding time and current on tensile

Surface Plot of Tensile (kN) vs Electrode Force(F), Current (1)

P
ST
LT '

. -

/ 5000
| y
5 4000

© 3000 Electrode Force(F)

Tensile (kM)

13—~ 2000
14
Current (1)

AN 6 Response surface for interaction effect of electrode force and current on tensile

MsAATgiman eI iwesivanga (Parameters Optimization) vasnsandaymndnsdnsiunnses
Usztanuduindeudeunaavesndnfusinusesiunssus favandunind 7 szifiuinanneimunzauves
wiweslunsidonamuiuniunuugavemdndariausesiunszuy Ae nszudlwih 14 Alausuuds nanden
12 lo@a wazuhsanamafiy 4,000 dadu %ﬂﬂsﬁﬂﬁlﬁiwuﬂmmmﬁmﬁmﬁuﬂwéaaﬂizmmlﬂumﬁmLs?j'awqmaﬂ

HARSuYIAUTeITUNTEUE {IT8Tddn15 TNl naaswEnduA1a3e 91uu 100 Fu [10] linugunuuduy
\nFeTeUngAdn
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Optimal Current Welding Electrod
D: 09578 High 14.6818 15.0454 5181.7928
. Cur [13.8324] [12.2934] [4060.5976]
Low 11.3182 49546 1818.2072
= R e e 1T
//r o ~ e N
/ / /
/ yd /
Tensile ’ g g
Maximum
y = 19.7849

d = 0.95785

AN 7 W5IANDS AU ALYRINITTLH DS

anUTNa

NN15UIEENALTNITOBNLUUNITNAGDS wuirttaderts 3 dade Ao naeudluih andeu uazusanarhiiy
finaseanuudiuswewuio (Mekboon & Plongmai, 2016; Manochai & Jongprasithporn, 2012) et
anziumunzanvean1sfiwes (Parameters Optimization) d1M$unszuIuN1sdouA AUNIULUUYA D
nszualih 14 Alanouwdd nadou 12 lufa uazusanaiy 4,000 979U 1UMARBINARFUA1DTI 31UIU 100
oy 13qu%umuuﬂum§sm%awqm Ma"’amﬂﬁ?ua%fwf]ummgmmiﬁwm (Standard and Operation : S&OP)

AMUNTEUIUNTYOUANNAUN LU UAYDINER IAUT OIS UNTE UY

AnAnssuUsENA
Adeveveunnlssunsdfnwiinsanlinisativayuwaznisdiemiedunisiiudeyafuanuiiegig
YBUVBUANAIV IV TIAINTTHRRAMNTUaladafind uninedawelulagswusmangiueen Nianuewnswild

NulUIUNIY Minitab dwmsuliasgsideya

LONEITD9B
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